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Science4Arts: how science helps to prevent damage in art objects 

The protection and preservation of our cultural heritage is essential for our modern society to adapt 

to the social-dynamics of the twenty-first century and to develop towards maturity. Preeminent 

museums are therefore responsible for safely preserving works of art. At the same time they combine 

this responsibility with their aim of making their collections accessible to the public. Fulfilling these 

two tasks is a challenge, as the indoor climate can be disturbed by the entering public, which can induce 

deformations and damage in susceptible art objects. This risk of climate-induced damage is a major 

concern for conservators and curators, and thus the indoor climate control of museum has obtained 

specific attention since the late nineteenth century. Only recently, the focus has shifted towards the 

necessity of sustainable preservations strategies based on comprehensive collection analyses with a 

sound scientific basis. Various research efforts are initiated, among which the Climate4Wood project. 

As part of this project climate-induced damage development in historical Dutch oak cabinet door 

panels part of the Rijksmuseum collection is researched.  

Occasionally, shrinkage, shrinkage cracks and warping can be observed on oak door panels in historical 

Dutch cabinets. This type of damage might be induced by fluctuations in temperature and relative 

humidity experienced by the art objects during their history. Deformations and cracks can occur, as 

hygroscopic materials, like oak wood and animal glue, are responsive to climate changes. Although the 

basic principles of climate-induced damage are known, the origin of the observed damage is not yet 

fully understood. Therefore, computer simulations and laboratory experiments are carried out to 

provide in-depth information on the most important aspects of climate-induced damage. Three main 

topics are covered: i) the characterization of the fracture behaviour of historic and new oak wood, ii) 

the response of mock-ups of historical cabinet door panels under relative humidity fluctuations and iii) 

the analysis of climate-induced damage in oak door panels by means of computer simulations.  

The fracture behaviour of oak wood can be characterized by a quasi-brittle response for historical oak 

wood dated 1300 A.D. towards a brittle fracture response for historic oak wood dated 1668 A.D. and 

new oak wood. This ageing effect is caused by a decrease in the local tensile strength of oak wood 

(measured perpendicular to the grain direction) with age. On the contrary, the fracture toughness 

value is rather stable and is not significantly affected by the material age or the orientation of the 

fracture planes. 

The underlying cause of climate-induced damage observed in oak door panels of historical Dutch 

cabinets can be contributed to two types of restrained shrinkage mechanisms. The first type occurs 

due to a difference in moisture content across the thickness direction of the panel, whereas the second 

type is induced by a directional difference in the coefficients of hygroscopic expansion of structural 

components forming a coherent connection. For a restrained panel, the presence of cleated ends 

reduces the shrinkage of the boards, in radial material direction close to the cleated ends, by 

approximately a factor 2. This induces tensile stresses, which make this location in the panel most 

critical for the formation of damage. This may explain the in-situ observation that oak panels without 

cleated ends (i.e. a non-restrained structure) show the least damage, and panels which are restrained 

by cleated ends show the most damage. Also, the presence of veneer layers may stimulate the 

development of climate-induced damage.  



 

The susceptibility to crack formation increases when the door panel is older, which can be ascribed to 

the ageing effects that reduce the oak wood tensile strength perpendicular to the grain direction with 

time. This is in accordance with the observation that mock-ups made of new oak wood do not show 

fracture, and historical cabinet door panels show deformations and cracks. Fracture only initiates after 

a certain drop in relative humidity, when the tensile stresses exceed the tensile strength perpendicular 

to the grain direction, and develops relatively fast. Substantial micro-damage is generated along with 

the development of a macroscopic failure crack, which runs in vertical panel direction, i.e. along the 

wood grain direction of the boards. The location and orientation of the failure crack are in agreement 

with those of cracks observed on historical oak wood cabinet door panels. Furthermore, the amount 

of shrinkage cracking that develops in the panel is dependent on the initial moisture content: an initial 

moisture content that lies on the desorption boundary curve results in more damage, compared to an 

initial moisture content that starts on the adsorption boundary curve. In addition, the glue joint failure 

might occur when the tensile stresses reach the (aged) tensile strength of the historic glue. 

The main findings may serve as input for the discussion on sustainable collection management and 

may contribute to the development of sustainable preservation strategies. As a final note it is highly 

recommended to extend the experimental program and aim for a more comprehensive study, in which 

aspects as the substrate type, the type of glue joints, different decorative layers and a wide range of 

climate conditions are considered. In combination with the tests, a computer variation study is 

essential, as it serves as a powerful tool to systematically analyze the different aspects that determine 

climate-induced damage. 
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